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REPLY TO

ATTNOF:IG- 1

SUBJECT:INFORMATION: Report on "DOE Management of High-Level
Waste at the Hanford Site"

TO:The Secretary

BACKGROUND:

The Department plans to retrieve approximately 60 million

gallons of diverse radioactive high-level waste stored in

underground tanks at the Hanford Sfte, immobilize it and

dispose of it in a permanent geologic repository. Processing
all of the tank waste in this manner could cost 840 billion.

These costs include an estimated $1.2 billion to construct the

Hanford Waste Vitrification Plant. The Department planned to

begin construction of the Plant in March 1993.

DISCUSSION:

This review examined the reasons for cost increases and

schedule delays in the vitrification program and looked at

outstanding technical, safety, and environmental issues that

could make the project even more costly.

We found that the Hanford tank waste program system was being

managed as a number of separate projects, not as one fully

integrated major system acquisition. In a similar situation,
Savannah River's vitrification plant and its facilities were

treated as separate projects, which resulted in limited

management visibility over cost growth and schedule slippages.

To increase visibility of program costs and schedule, we are

recommending that all separate projects related to the tank
waste remediation system be included in one major system

acquisition.

o...',.(;t_V_k.N_lt;;T PRINIlN[: OFFICE:IgqO-278-54I
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We also found that there are technical uncertainties associated

with each major component of the system making up the
vitrification program. These uncertainties may cause further
cost increases and schedule delays.

The Office of Environmental Restoration and Waste Management

agreed with our findings and recommendations.

spector General

Attachment

cc: Office of Environmental Restoration

and Waste Management
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U.S. DEPARTMENT OF ENERGY

OFFICE OF INSPECTOR GENERAL

OFFICE OF AUDITS

DOE MANAGEMENT OF HIGH-LEVEL WASTE AT THE HANFORD SITE

Audit Report Number: DOE/IG-0325

SUMMARY

Approximately 60 million gallons of high-level radioactive

waste--caustic liquids, slurries, saltcakes, and sludges--are

stored in underground tanks at the Department of Energy's Hanford
Site. At least one-third of the tanks are known to have leaked

waste into the environment, and there are many unresolved tank

safety issues. In order to resolve the environmental and safety

concerns, the Department plans to retrieve the waste, immobilize

it, and dispose of it in a permanent geologic repository.

Processing all of the tank waste in this manner could cost S40
billion, including $1.2 billion to construct the Hanford Waste
Vitrification Plant.

The purpose of our audit was to examine the reasons for cost

estimate increases and schedule delays on the Hanford

vitrification program. We also wanted to report on outstanding
technical, safety, and environmental issues that could make the

project even more costly and further delay its completion.

We found that the Department managed the Hanford remediation

system as a number of separate projects not fully integrated into

one major system acquisition. Total costs have, therefore, been

obscured, and the Department has not yet clearly defined system

requirements or developed overall cost and schedule baselines.
This lack of visibility could result in additional cost growth

and schedule delays. We also noted a vast array of technical

uncertainties, including tank safety and inadequate information

about the makeup of tank waste, that could significantly affect

the program's cost and ultimate success.

To increase visibility of program cost and schedule, we are

recommending that all separate projects relating to tank waste be

included in a single major system acquisition, and that the

Department complete its ongoing baselining effort to the extent

practical before making major funding commitments. Management

concurred with our finding and recommendations.

o InspeCtor General



PART I

APPROACH AND OVERVIEW

PURPOSE AND OBJECTIVES

The Department of Energy (Department) plans to immobilize

high-level radioactive waste stored at the Hanford Site by

vitrifying the waste into a glass-like material. The system to

vitrify the waste depends on multiple projects, such as

constructing a waste vitrification plant. The overall

immobilization system could cost over S40 billion, including

about Si.2 billion to construct the vitrification plant.

The purpose of our audit was to report on (I) the changes
in cost and schedule estimates for high-level radioactive waste

vitrification, (2) the reasons for cost estimate increases and

schedule delays, and (3) the outstanding issues that could

further increase cost or delay completion of the program to
vitrify the waste.

SCOPE AND METHODOLOGY

We performed our review at Department Headquarters and the

Hanford Site. We also reviewed recently completed independent
assessments of the Hanford Waste Vitrification System. We

interviewed key Department personnel as well as management and
operating contractor staff members. Our review included analyses

of project budget and schedule documents and other internal

reports. We used information from prior independent reviews by

the General Accounting Office (GAO) and other agencies in

preparing this report.

This audit was made in accordance with generally accepted

Government auditing standards for performance audits. This

included tests of internal controls and compliance with laws and

regulations to the extent necessary to satisfy the objectives of
the audit. Because our review was limited, it would not

necessarily have disclosed all internal control deficiencies that

may exist. Field work was conducted from February through
December 1992.

BACKGROUND

For the past 50 years, the United States has generated

radioactive waste through production of nuclear m_terials for

national defense. Approximately 60 million gallons of high-level

radioactive waste stored at the Department's Hanford Site

consists of caustic liquids, slurries, saltcakes and sludges and
many different hazardous chemicals. This waste is stored in 149

single-shell tanks and 28 double-shell tanks. Over 60



single-shell tanks are known or are suspected to have leaked
waste into the environment. Additionally, 24 unresolved safety

issues pertaining to tank waste storage at the Site have been

identified. The Department plans to ultimately resolve these

environmental and safety concerns by retrieving the waste,
immobilizing it, and disposing of it in a permanent geologic

repository.

The treatment of high-level radioactive waste contained

in the tanks is a multi-step process. The waste must be

characterized to understand its physical, chemical, and
radioactive composition so it can be successfully treated. Then

it must be retrieved from the tanks and pretreated. Pretreatment

is necessary to separate the high-level radioactive waste from

the low-level waste portion. The low-level portion, which

comprises about 90 percent of the tank waste, is treated by

mixing it with cementitious material (grouting) and disposing of

the resulting product on site. The high-level waste is vitrified

by mixing it with glass-forming materials at high temperatures to

produce glass logs that are sealed in canisters. These are

provided interim onsite storage. The immobilization process for
tank waste is pictured below.

Immobilization of Waste

Storage .._

_lr _ Interim

_._ Vitrification Storage

_ __ "_ Pretre--l_l_'_atmet_ _Chara_rization Retr,eval .___

Waste Grouting Vault
Storage Disposal



The Department's Tank Waste Remediation System to manage and

immobilize Hanford's tank waste is an extremely large and complex

effort because of the amount and complexity of the waste stored
at Hanford. Additionally, there are numerous technical and

institutional uncertainties relating to tank safety,

characterization, retrieval, pretreatment, grout, and
vitrification of the waste that could affect the ultimate cost

and schedule of the system. These uncertainties make formal cost

estimates for the total system to treat Hanford's high-level

waste unavailable. However, a 1991 study provided a preliminary
cost estimate of about 840 billion to process both double- and

single-shell tank waste.

In order to comply with a Tri-Party Agreement between the
U.S. Environmental Protection Agency and the State of Washington,

the Department planned to begin construction of the Hanford Waste

Vitrification Plant in March 1993. Under the Agreement, the

plant is to start operations in December 1999. The Department

has established a baseline for the plant that includes SI.2
billion as the estimated cost and December 1999 as the scheduled

start date. However, the Department does not have a baseline for

the entire system needed to manage and vitrify the waste.

In December 1991, the former Secretary established the Tank

Waste Remediation System to integrate all the tank waste

projects, including tank safety, waste characterization,

retrieval, pretreatment, grout, vitrification, and interim

storage. The Secretary asked that the Department prepare a

baseline for the entire system by March 1993--the date scheduled
to start vitrification plant construction.

OBSERVATIONS AND CONCLUSIONS

Historically, the Hanford tank waste management and
immobilization effort was managed as separate projects that were

not fully integrated in one major system acquisition. As a

result, a baseline for the entire system was not developed and

the total cost and affordability of the system were not known.

The Department is currently developing a baseline. The

vitrification plant was designated a separate Major System

Acquisition in 1987.

The tank waste program at Hanford was comprised of many

separate projects obscuring the total system costs and

affordability, and did not provide for comparison of the

performance of individual elements against an overall system

baseline once it developed. There was, therefore, a risk that

management attention would focus on the cost performance of

individual projects against their separate cost baselines,
instead of the cost and affordability of the entire system. In a

similar situation (but with significantly less waste) involving a



vitrification plant at the Savannah River Site, the Department

was criticized because its plant and support facilities were

funded as separate projects and line items and, as a result, did

not provide the Congress with necessary information about

construction cost increases and schedule slippages.

Although the Department is scheduled to start construction

of the Hanford vitrification plant early in 1993, it will not

have a baseline completed for the overall system. Because the

total cost and schedule of the Tank Waste Remediation System will

not be available prior to the scheduled start of construction,

changes in other elements of the system that support the

vitrification plant could materially affect the requirements for

and baseline costs and schedule of the plant. We are

recommending that the system be managed as a major system

acquisition so that baseline costs and schedules will be in place

before construction begins. Management generally agreed with our
facts, conclusions and recommendations.



PART II

FINDING AND RECOMMENDATIONS

Hanford's Tank Waste Remediation Syst@m

FINDING

Department Order 4700.1 establishes a project management

system for major system acquisitions. Under this system,

projects are to be based on clearly defined requirements, with

baseline cost and schedule objectives, before significant
resources are expended. The Department could spend over 840

billion on the Hanford Tank Waste Remediation System and planned

to start construction of a 81.2 billion vitrification plant in
March 1993. Yet, it still has not clearly defined requirements

for this system or developed overall cost and schedule baselines.
Individual elements of the Tank Waste Remediation System were,

historically, treated as separate projects rather than as one

major system acquisition. The total cost and schedule of the

total system will not, therefore, be available prior to the
scheduled start of construction of the vitrification plant. As a

result, changes in other elements that support the plant could

materially affect _he requirements for and baseline costs and
schedule of the plant. In a similar situation, the separation of

Savannah River's vitrification plant and its facilities into

separate projects limited management's visibility over cost

growth and schedule slippages in the construction of radioactive
waste treatment facilities.

RECOMMENDATIONS

We recommend that the Acting Assistant Secretary for

Environmental Restoration and Waste Management:

i. Include all projects related to the Tank Waste

Remediation System in one major system acquisition so
that the total cost of the overall system is known and

performance can be evaluated against the system baseline.

2. Complete the current baselining effort and determine the

total cost of the proposed system to the extent practical

before making major funding commitments for the

high-level waste vitrification plant at Hanford.

6



MANAGEMENT REACTION

Management generally agreed with the facts presented, the
conclusions reached, and the recommendations made in this report.

Management's comments and our responses are discussed in Part III
in more detail.

DETAILS OF FINDING

PROJECT MANAGEMENT SYSTEM REQUIREMENTS

Department Order 4700.1 requires that the Department's

acquisition of major systems be based on an integrated systematic
approach for establishing mission needs, budgeting, contracting,

and managing programs. The Order also requires that managers

avoid commitment of major resources prior to adequate project
definition. A more specific objective of the project management

system is to ensure that "projects are based on clearly defined
missions and mission analyses and are developed with clear

time-phased goals and objectives that support program

requirements."

A central element of the project management system is

designating, as major system acquisitions, those projects that
are complex and estimated to cost in excess of SIO0 million over

their lifetime. Specific requirements for major system

acquisitions include a firm baseline of the technical approach,

cost, and schedule of the project prior to construction or

full-scale development. Also, management of major system

acquisitions must be governed by a statement of mission needs; a

project plan containing the objectives, schedule, resources, and

priority of the project; and a project management plan specifying

the plans, o_ganization, and system for managing the project.
Furthermore, senior Department officials are required to

participate in key decisions throughout the management of major
system acquisitions .

Hanford's Tank Waste Remediation System

The Hanford Site has the largest and most diverse amount of

high-level radioactive waste of any site in the United States.

Hanford began storing the waste in underground tanks in 1944.

The waste came from a variety of sources including plutonium and

uranium recovery from irradiated reactor fuel. Approximately 60
million gallons of caustic liquids, slurries, saltcakes and

sludges, consisting of many different hazardous chemicals, were

accumulated in 149 single-shell tanks and 28 double-shell tanks.
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In addition, Hanford has about 1,900 capsules of strontium and
cesium that were removed from the tank waste, converted to salts,

sealed in metal containers, and stored in waste basins.

Waste Processing and Costs

The Department's plans to treat Hanford's tank waste depend

upon multiple activities to immobilize the high-level radioactive

waste into a glass-like material. First, the waste must be
characterized to understand its chemical, radioactive, and

physical properties so that it can be retrieved frnm the tanks,
pretreated, and grouted or vitrified. Retrieval technologies are

to be developed and implemented in order to provide a waste-feed

to pretreatment, and grout or vitrification facilities.

Pretreatment technologies are being developed to separate

low-level and high-level waste fractions and to destroy chemical
constituents that may interfere with the grout or vitrification

process. After separation, the low-level fraction is to be

grouted by mixing it with a cement-like material and disposed of

onsite. The high-level fraction is to be vitrified into a

glass-llke material that will be provided interim storage onsite

until a permanent geologic repository is ready to accept the
material. Until the tank waste can be immobilized and stored,

the Department is also working to mitigate outstanding tank

safety issues. Tank safety is the Hanford Site's highest

priority.

The Department estimates that it will need about 85 billion

at Hanford during Fiscal Years 1994-98 to meet existing

requirements for tank safety and tank waste remediation. Funding

needs for the 4 years by element are shown below.

ELEMENT FY 1994-98 FUNDING

(millions)

Vitrification $1,343.7

Tank Safety 926.8
Characterization 208.3

Retrieval 527.4

Pretreatment 1,517.5 l/
Grout 458.7

Total S4,982.4

I/ This amount includes 81.9 billion for the initial

pretreatment module and additional tank storage space, and

$329.9 million for all other pretreatment efforts.



Vitrification Plant

The Department approved the vitrification plant as a

major system acquisition under DOE Order 4700.1 in 1987. The

approved mission of the plant in 1987 was to immobilize the

high-level fraction of double-shell tank waste in a glass-like
material, and to have the flexibility to process the slngle-shell

tank waste. The resulting glass would be placed into stainless

steel canisters, and stored at the Hanford Site until it could be

shipped to a Federal geologic repository.

In 1989, the Department approved a project plan and project
management plan for the Hanford Vitrification Plant as required

by Department Order 4700.1. The 1989 Project Plan specified a

baseline of 8920 million as the total estimated cost of the plant

and a scheduled plant start date of Fiscal Year 1999. The

baseline was subsequently changed to a total estimated cost of

SI.2 billion and a start date of December 1999 due primarily to

design changes.

Although the Department was scheduled to start construction

of the vitrification plant in March 1993, it is uncertain about
the overall requirements for the size of the plant. Unresolved

technical issues involved with retrieval and pretreatment of the

waste could materially impact the amount of waste to be

vitrified. For example, the plant capacity needed depends on the
quantity and composition of waste feed that will be vitrified,

the schedule by which the feed is delivered to the plant, and the

effective plant lifetime, which is 40 years.

According to Hanford officials, the ability of the Hanford

Waste Vitrification Plant to process both the double- and

slngle-shell tank waste, as currently designed, depends on the

selection of pretreatment processes and the resulting quantities

of high-level waste to be fed to the plant. Hanford officials

estimate that the plant would have to produce about 38,000

canisters of glass over a period of 126 years (a period far

exceeding the effective llfe of the plant) with minimum

pretreatment of the double- and single-shell tank waste. The

plant, however, would have to produce about 12,000 canisters of

glass over a 38-year period with advanced pretreatment

processes.2/

Accordingly, advanced pretreatment would be required in

order for the plant, as currently designed, to accomplish
vitrification of both double- and single-shell tank waste within

2/ Projections are based on the assumptions that the Hanford

Waste Vitrification Plant will produce 300 canisters per year and

that the initial double-shell tank waste fed to the plant has

minimum pretreatment.

9
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the expected lifetime of the plant. These advanced pretreatment

processes have yet to be developed and demonstrated. Hanford

officials also point out that there is considerable uncertainty

about the projected glass production rate and the actual useful
life of the plant. These officials note that the production rate

of the Hanford Waste Vitrification Plant may be augmented,

especially if design changes are implemented prior to

construction and operation.

Furthermore, the Department did not have an integrated

schedule to ensure that projects essential to the operation of

the vitrification plant were completed and available to support
the plant when needed. The separate management of the various

projects had resulted in characterization, retrieval, and

pretreatment not receiving as much attention, resources or

funding as the plant, although the plant depends on these
projects for its success.

Nevertheless, in December 1991, the former Secretary

directed that the Department preserve December 1999 as the start

date for vitrification plant operations. This date was part of

the Tri-Party Agreement between the Department, the U.S.

Environmental Protection Agency, and the State of Washington.

To start operations at that time, the Department was scheduled to
start construction of the plant in March 1993, which is an

inter:Lm milestone of the Tri-Party Agreement.

Overall System

The Department does not have a firm baseline or approved

Project Plan or Project Management Plan for the Tank Waste

Remediation System. According to preliminary estimates prepared

in 1991, the life-cycle costs for the system, including
retrieval, pretreatment, vitrification, and disposal, could cost

over 840 billion depending on the alternatives used to pretreat
the waste.

In October 1991, an independent engineering review of the

Hanford Waste Vitrification System found that an integrated,

validated, detailed plan did not exist for the overall system.
Although it lacked a detailed plan for the overall system, the

Department was progressing with the detailed design of the

vitrification plant. The plant, however, depends on the entire

system to succeed. The review noted that there was a lack ofz

understanding of the total life-cycle cost of the overall system
to immobilize Hanford's tank waste, and the effects on cost of

various alternatives for treating and processing the waste.

In response to the independent engineering review and
several other assessments, the former Secretary of Energy

initiated the Tank Waste Remediation System in December 1991.

This action was intended to integrate the overall system: tank

10



safety, waste characterization, retrieval, pretreatment, grout,
vitrification, and interim storage. The Secretary asked that a

baseline be prepared for the system by March of 1993.

According to Tank Waste Remediation System officials, the

Department will not be able to complete the baseline by March
1993. Additional time is needed to evaluate alternative

technical strategies to treating the waste due to complex
technical issues. According to the Headquarters Director, Office

of Tank Waste Programs, the Department planned to present

technical alternatives for public evaluation in March 1993.

Technical uncertainties about the treatment, storage, and
immobilization of Hanford's tank waste exist at each element of

the system. Uncertainties about each element of the system have

a direct impact on other elements of the system. For example,

uncertainty about the physical, chemical, and radioactive
characteristics of the waste hinders efforts to retrieve,

pretreat, grout, and vitrify the waste. Another uncertainty is
costs. A 1991 study to redefine the tank waste disposal program

provided a preliminary estimate of $38 to 848 billion in

life-cycle costs to dispose of the single- and double-shell tank

waste, depending on the level of pretreatment. However, the

development of more advanced pretreatment technologies could

significantly lower the overall cost of disposal. The Appendix
to this report discusses these and other uncertainties and their

potential impact on the overall system.

Management Actions

Management was cognizant of the problems we found and was

working to clearly define the missions of the system by

developing a new technical strategy. As part of this strategy,
the Department is evaluating alternatives to treat, store, and

immobilize high-level radioactive waste in an environmentally
sound, safe, and cost-effective manner. Alternatives include (i)

proceeding with the construction of the Hanford Waste
Vitrification Plant according to the existing schedule, and (2)

delaying construction of the plant, in part to provide additional

time to develop and implement supporting programs and

technologies.

Management also was aware of the need to develop an overall
cost and schedule baseline for the system. The Department plans

to have an approved baseline for the technical strategy including

a program plan and program management plan by June 1993. The
Director, Office of Tank Waste Programs, told us that cost

estimates for the baseline will be in the form of ranges to the

extent determinable. Firm estimates would be very difficult
because of the overall uncertainties that surround the system.

Hanford officials also noted that the Department will have to

ii



complete negotiations with regulators on the Tri-Party Agreement

before program plans can be implemented.

However, the Department also plans to proceed with the

Hanford Waste Vitrification Plant project through completion of

its technical strategy and negotiations with the U.S.

Environmental Protection Agency and the State of Washington of

required changes to the Tri-Party Agreement required by the

strategy. In December 1992, the State of Washington informed the
Department that, in the past, it has rejected efforts to replace

date-certain milestones for facility construction and operation

with milestones for engineering studies, design reports, and

scale testing. It stated that any proposal to delay the start of

vitrification plant construction must be accompanied by clear and

convincing evidence justifying the delay, as well as draft dates

for alternative milestones that cover preliminary activities,

construction, and operations.

Project Management Level

Management of the Hanford Waste Vitrification Plant was

governed by a Project Plan and a Project Management Plan because

it was designated a major system acquisition. However, similar

management plans did not exist for the overall system because it

had not been designated a major system acquisition. The

Department recognized the interdependence of the various elements

and was developing an integrated management program and system
baseline for the Tank Waste Remediation System, but it had not

formalized the management and funding of the various projects

into a single major system acquisition.3/

Because the Hanford tank waste management and immobilization

effort was managed as separate projects, a baseline for the

entire system was not developed and the total cost and

affordability of the overall system were not known. The

Department had approved in August 1990 a total estimated cost of
over $I billion and a scheduled start date for the vitrification

plant of December 1999. However, there was no comprehensive

baseline for the overall Tank Waste Remediation System at
Hanford.

Overall Project Visibility

The separation _f tank waste programs at Hanford into

separate projects decreased the visibility of total system costs

and affordability, and did not provide for comparison of the
=

3/ Subsequent to the completion of our review, the Under

Secretary designated the Tank Waste Remediation System as a major

system acquisition. See Part III of this report.

12



performance of individual elements against a baseline for the

overall system needed to treat the tank waste.

Thus, there was a risk that management attention would focus

on the cost performance of individual projects against their

separate cost baselines, instead of the cost and affordability of

the entire system. Additionally, management did not have a
structured system to ensure the optimum allocation of resources

among the various projects and activities, which was a problem

according to the independent engineering review.

The fragmented system, as opposed to a single major system

acquisition, provided no assurance that senior management

attention would be focused on the performance of the overall
system against the overall cost and schedule baseline. The

establishment of a single major system acquisition for the Tank

Waste Remediation System was needed to provide a structured

management approach to keep senior management informed about the

progress of the system as well as problems as they arise.

CONCLUSION

The effectiveness of the major system acquisition approach
depends on management's compliance with the requirements of DOE

Order 4700.1. We reported in 1985 and in 1990 that Departmental

elements responsible for operating and managing major
acquisitions were not in full compliance with the Order's

documentation requirements.4/ More recently, the GAO reported in
August 1992 that most of the Department's major system

acquisitions lacked one or more documents that were key to

project management.5/ The Hanford Waste Vitrification Plant was
one of the projects that lacked an up-to-date project plan.

The Hanford Tank Waste Remediation System is extremely
complex and faces a myriad of technical uncertainties which would

add to the cost. Accordingly, it is important that management of

the system clearly specify and document mission needs, project
plans, and project management plans, and conduct independent cost

estimates as required for major system acquisitions. Such

4/ "Report on Followup Review of Major System Acquisitions and

Major Projects," Office of Inspector General, Department of

Energy, November 1990, DOE/IG-0292.

5/ "Department Of Energy: Status of Reporting Compliance for

DOETs Major System Acquisitions," Fact Sheet for the Chairman,

Environment, Energy, and Natural Resources Subcommittee,

Committee on Government Operations, House of Representatives;

GAO/RCED-92-204FS; August 1992.
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contr_L_ will help to ensure that management estimates and
controls the total cost of the Hanford Tank Waste Remediation

System.

The lack of total cost information about the vitrification

project at Savannah River was a problem in the past, according to

the GAO.6/ Specifically, the GAO reported that the funding of the
Defense Waste Processing Facility at Savannah River and its

support facilities as separate projects and line items did not

provide the Congress with the necessary information on
construction costs increases and schedule slippages. The GAO

reported that the plant alone will cost an estimated S2.1

billion. The total cost of the plant and supporting facilities

will be approximately 84 billion.

Adequate information about the total system cost is

especially important in the case of Hanford's Tank Waste
Remediation System because of the myriad of technical

uncertainties that face the effort to manage and immobilize the

waste and the potential of these uncertainties to lead to large

cost increases. According to preliminary estimates, it may cost

up to $40 billion to immobilize the double- and slngle-shell tank
waste. Therefore, the total cost and affordability of the

overall system proposed in the current baselining effort should
be known to decision-makers in the Department and the Congress

before major funding commitments are made to construct the
vitrification plant.

6/ "Nuclear Waste: Defense Waste Processing Facility-Cost,
Schedule, and Technical Issues" Report to the Chairman,

Environment, Energy, and Natural Resources Subcommittee,

Committee on Government Operations, House of Representatives;

GAO/RCED-92-183; June 1992.
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PART III

MANAGEMENT AND AUDITOR COMMENTS

The Department's management agreed with the facts presented,

conclusions reached, and the recommendations made in this report.

A summary of management comments and our responses follows.

General Management Comments.

Management stated that it had reservations about the extent

to which the total cost of the project can be defined at this
time. It noted that the cost elements of the alternatives are

considerably different and that, at this point, the program is

not in a position to say which would have the higher life-cycle

cost. Management also stated that the major system acquisition
will have to define the activities, schedule, and costs required

to narrow the decision of a single strategy, but will be forced

to remain quite uncertain on the total project cost.

Auditor Comments.

We agree that estimates of total project costs are likely to
be somewhat tentative because of the technical uncertainties

confronting the program. However, it is important that, to the
extent practical, management estimates the broad ranges of costs

for the various alternatives being considered so that

decision-makers in the Department and the Congress can make

informed decisions about the affordability of recommended
actions.

Recommendation 1

Management comments. Management agreed that managing the
Tank Waste Remediation System as one major system acquisition

will provide improved traceability of program costs.

Accordingly, the Under Secretary has designated the system as a
major system acquisition.

Auditor Comments. Management comments are responsive to
Recommendation 1.

Recommendation 2

Management Comments. Management agreed to minimize funding
commitments to the construction of the Hanford Waste

Vitrification Plant to the extent practical while the

rebaselining effort is proceeding and project costs are
identified. Management stated that it will avoid major funding

commitments by using a Force Account to initiate construction of

the vitrification building foundation in March 1993 as required
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by the Tri-Party Agreement. According to management, this type
of account is an arrangement where the contractor uses its own

employees to do all the work and no subcontractors are involved.
Hence, there is more control and flexibility in the construction

contract. The Department can stop work without significant

contractual costs occurring.

Management also stated that it will complete the

rebaselining of the Tank Waste Remediation System in March 1993,
which will formulate a technical strategy. It anticipates that

the integrated cost, schedule, and technical baselines will be

completed by June 30, 1993. Activities to preserve the Tri-Party

Agreement milestones must continue during the rebaselining.

Management plans to complete the system engineering studies and
to select the technical strategy to propose to regulators in

March. It will submit to the regulators necessary change

requests to the Tri-Party Agreement no later than March 31, 1992,
and will issue, in cooperation with the regulators, public

notices of the Department's intent to propose changes to the
milestones.

Management will continue with the Hanford Waste
Vitrification Plant pending approval by regulators of the
alternative milestones. After renegotiation of the milestones,

management plans to request congressional authorization to

reprogram Fiscal Year 1993 Hanford Waste Vitrification Plant

funding. The reprogrammed funds will be used to accelerate
activities to manage tank waste, develop and demonstrate needed

technology, and start pretreating the waste using a phased

approach.

Auditor Comments. Management's comments are responsive to
the recommendation. While we recognize that the Department needs

to comply with the Agreement until changes are approved by the

regulators, we believe that the Department also has a

responsibility to ensure that funds are effectively spent.
Accordingly, the Department should ensure that negotiations with

the regulators are expedited once it identifies changes needed to
the Tri-Party Agreement and that it minimizes expenditures in

areas where changes are required.
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PART IV

Tank Waste RemedlationSystem Uncertainties

The Department's program to manage and immobilize Hanford's

single- and double-shell tank waste faces many complex technical

and institutional uncertainties that could have a significant

impact on the ultimate success and cost of the program. These

uncertainties include resolving tank safety issues and

outstanding technical issues affecting characterizing,

retrieving, pretreating, grouting, and vitrifying tank waste.

Tank Safety

Corrective actions which will mitigate and/or resolve tank
safety issues were not identified. As of June 1992, Hanford had

24 unresolved tank-safety issues that included the generation of

potentially explosive gases in some tanks and high heat sources

that could threaten the structural integrity of another tank.

Accordingly, tank safety is Hanford's number one priority.
Mitigation of known safety issues and characterization of waste

in tanks with safety issues is ongoing while long-term resolution

methods are developed.

Current efforts include conducting investigations and

analyses to adequately understand the processes that are creating
the safety concerns and to develop methods to correct the

problem. In addition, Hanford has begun a program to
repair/replace all major safety related components in the tank

farms. These upgrades will restore the plant systems to at least

the same performance level as the original design.

An example of a priority one safety issue is single-shell

tank 241-C-I06. This tank contains a high-heat generating source
and requires periodic addition of raw cooling water to control

the temperatures in the tank below the point that structural

failure could potentially occur. The addition of cooling water
to a slngle-shell tank, however, increases the possibility of

leaks from the tank. Accordingly, Hanford is studying the actual

amount of cooling water needed to control temperatures so that it
can be maintained at a minimum level. If the minimum level

contains liquids that could drain from the tank, Hanford will

then have to develop methods to minimize or preclude contaminated
liquid from leaking from the tank.

Hanford expects that full resolution of this safety issue,

as well as other safety issues, will require retrieval of the
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solid waste from the tank. In fact, Hanford has identified tank

106 as a possible early feed to the vitrification plant because
of its waste similarlties to initial double-shell tank waste

designated as feed.

Characterization

Adequate information about the physical, chemical, and

radiological characteristics of Hanford's tank waste is not
available to support tank safety and waste retrieval,

pretreatment, grout, and vitrification needs. For example, the
Office of Environmental Restoration and Waste Management's

October 19911ndependen e Engineering Review found physical
characterization information about the waste needed to be better

understood before retrieval processes could be developed. More
information about the chemical characteristics of tank waste is

also needed to better define pretreatment and vitrification

requirements. An understanding of waste characteristics is a

prerequisite to developing pretreatment and vitrification
formulations, i.e., an understanding of waste chemistry is

necessary to ensure that the waste is vitrified and will be

acceptable to the waste repository.

While characterization information is not adequate for

program needs, laboratory support may not be adequate to develop
the information. According to baseline planning documents, the

Department needs to accelerate laboratory facility and equipment

upgrades to meet the needs of the safety, retrieval,

pretreatment, grout, and vitrification activities. In order to
manage limited laboratory resources, Hanford has developed a

Sampling and Analysis Plan to allocate sampling and analysis

resources among the competing program needs.

As part of the baselining effort, the Department is

assessing analytical requirements of the Tank Waste Remediation

System, as well as onsite and offsite capacities to meet these

requirements. The Sampling and Analysis Plan will be updated at
the end of the baselining effort to reflect the needs of the Tank

Waste Remediation System.

According to Hanford officials, the pressure on laboratory
resources could be eased if the Tri-Party Agreement's requirement

that the Department complete analyses of at least two complete

core samples from each single-shell tank by 1998 could be

renegotiated. A State of Washington official told us the State

wanted the single-shell tanks fully characterized because there

was a possibility the waste would not be retrieved. This
official also told us that, if the Department decides to retrieve

the waste, complete core sampling and analysis of all

single-shell tanks may not be warranted.

18



APPENDIX

Retrieval

Hanford has not developed retrieval methods for much of the
tank waste. The waste must be successfully retrieved from the

tanks in order for pretreatment, grouting, and vitrification to
occur. Major uncertainties include the types of chemical and

physical properties of the tank waste that must be retrieved.

The Tri-Party Agreement requires the Department to

demonstrate technology for retrieving waste from one single-shell

tank by 1997. Hanford is giving high priority to retrieving

waste from its safety concern tanks, including the single-shell
tank 241-C-I06 previously mentioned.

Retrieval methods for the double-shell tank waste are

expected to employ the use of a mixer-pump. However, the

advanced age and condition of Hanford's single-shell tanks raise

concerns that established retrieval techniques employing high

pressure liquids to loosen sludges could cause the tanks to leak
high-level and hazardous wastes. Accordingly, Hanford is

developing new technologies to retrieve waste from the tanks. It

intends to complete an initial demonstration of candidate

technologies for single-shell retrieval in calendar year 1994.

Pretreatment

Officials believe pretreatment of the Hanford tank waste is

the greatest challenge in the immobilization process. Effective

pretreatment technologies offer the largest opportunity for cost

savings because grouting the vast majority of the waste, which is

currently classified as low-level waste, is comparatively less

expensive than sending it to the vitrification plant and

disposing of it in a permanent geologic repository.

Pretreatment technologies, sludge washing, filtration and

decanting, and ion exchange for the initial vitrification waste
feeds are well defined. However, the development of more

advanced and cost-effective pretreatment technologies, especially
to extract transuranics, are at various stages of research and

development. Consequently, a great deal of uncertainty exists
about the ability to develop a cost effective method of

pretreating these wastes.

A decision by the Secretary about constructing the initial

pretreatment module is targeted for March 1993o Hanford has also

initiated lab studies of intermediate processes that are more

complex and represent evolving technologies. Hanford is also

planning bench and pilot-scale tests for more advanced

technologies to extract transuranics from the wastes. The

Tri-Party Agreement currently has no date set for the initiation
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of pretreatment of double-shell tank waste. The original date of

October 1993 was established with the _ntentlon of using an

existing facility--B-Plant--as the pretreatment facility.

Subsequently, the Department agreed that the over 40-year old

plant was not suitable because it was doubtful that the plant

could be b_gught into compliance with existing environmental

standards. The agreement was subsequently revised and the
initiation of pretreatment was shown as a "To Be Determined"
date.

As part of the baselining effort, the Department will

prepare pretreatment function and requirement documents

describing criteria for the pretreatment program. The document

will dencrlbe how the initial pretreatment process will meet the

needs oz the grout and vitrification efforts.

Grout

The grouting program is important to the overall Hanford

strategy for immobilizing Hanford tank waste because (i) it may
initially free tank space (tanks with double-shell slurry and

double-shell slurry feed waste) needed to mitigate tank safety

problems and for some level of pretreatment, and (2) it is

economically important to dispose of the vast majority of tank

waste through the grouting process. However, regulatory and

technical uncertainties exist and are leading the Department to

reassess its grouting strategy.

Original plans to send some early tank waste directly to the

grouting facility could be altered by future regulatory actions
by the Nuclear Regulatory Commission pertaining to the definition

of what is high-level waste. Specifically, the States of Oregon

and Washington and the Yakima Indian Nation petitioned the

Commission to amend its regulations regarding the classification

of high-level radioactive wastes at Departmental facilities.

According to Hanford officials, discussions with the Commission

have focused on the definition of what is high-level waste, and

whether grout feed, such as double-shell slurry, and slurry feed

waste, is high-level waste r_quiring Commission involvement and
approval for the disposal action. The Commision denied the

petition subsequent to our review. However, the Department is

reviewing alternative waste forms to grout.

Grout formulation without substantial pilot plant

operational experience is a major technical uncertainty.

Hanford's grout formulation is estimated to contain radionuclide

concentrations at the hlgh end of previous international grout

experience. For example, the 1991 Independent Assessment found

the mixture going to the Hanford groutin§ facility has

concentrations of cesium-137 that are significantly higher than
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concentrations at the Savannah River facility. Therefore, the
Department has to blend the waste to control cesium

concentrations below the radiolytic heat limits protecting the
integrity of the waste form and long-term performance of the

disposal system. Additionally, the Department has to exercise

careful operation control over the heat of hydration during the

curing of the grout, such forced ventilation in the vaults and

pouring the grout in a series of lifts, to ensure the long-term

performance of the system including its compressive strength and

leach resistance performance objectives° However, there have

been no pilot plant operations using actual waste from the
double-shell slurry and slurry feed wastes to demonstrate the

effectiveness of the grout formulations in reducing grout heat.

Hanford officials, however, point out that a substantial

amount of work has been performed on the grouting program,
including a 1988-89 demonstration in which over one million

gallons of low-level radioactive waste was deposited in a near

surface vault. In addition, there has been bench scale testing

(both radioactive and nonradioactive) performed, and a quarter

scale pilot plant using simulated double-shell slurry waste feed.

The purpose of the pilot plant was to verify the processability
of the grout and the heat of hydration production and control.

Hanford officials also plan to characterize the waste and hot

bench scale testing to verify the grout formulation and heat of
hydration production and control prior to the next grout

campaign.

As part of the baselining effort, the Department is

reassessing its strategy to grout, including whether it should

proceed with grouting some tank waste without pretreatment, or

delay grouting until it can be pretreated. Decisions about the

grouting program will affect pretreatment requirements and may
impact the scheduled start of the vitrification plant.

In September 1992, the Richland Field Office prepared an

Issue Paper on the grout program as part of the baselining

effort. The paper recommended an option for dealing with the

uncertainties associated with the program. The option included

proceeding with the grout program while reviewing pretreatment

options for the double-shell slurry and slurry feed waste. The

recommendation also included pursuing other alternative low-level

waste forms for the single-shell tank waste. The Office of

Environmental Restoration and Waste Management at Headquarters
had not decided on the recommendation at the time of our review.

The Tri-Party Agreement milestones state that the Department
is to complete 14 grout campaigns by December of 1996 and

maintain currency with waste feed thereafter. This milestone was

recently renegotiated from September 1994 based upon changes
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necessitated from the Grout Final Facility Safety Analysis

Report. Other interim dates set the schedule for completing all

14 campaigns by the required date. Hanford officials stated that

the Tri-Party Agreement milestones are no longer achievable as

currently negotiated because of the heat of hydration and other

outstanding issues.

Vitrification

The current Tri-Party Agreement requires the Hanford Waste

Vitrification Plant to begin radioactive operations in December

1999. To meet this date, the Department began site preparation

work for the vitrification plant in April 1992, and has targeted

actual construction to begin in March 1993. However, the

previously discussed uncertainties could affect the decisions to
start construction and begin radioactive operations of the

facility. Furthermore, officials are uncertain about the

capacity of the planned facility to process all of Hanford's tank
waste because it does not have sufficient information about the

chemical and physical characteristics of the waste. Similarly,
concerns about when safe retrieval and pretreatment methods will

be available for the waste raises concerns about providing feed

continuity to the plant once it is constructed.

Finally, technical uncertainties exist about the design of
the Hanford vitrification plant because of problems uncovered at

Savannah River's vitrification facility. The two plants have

essentially the same design, although waste characteristics and

pretreatment methods are different. This means all the problems

uncovered at one plant may not exist at the other. However, the

Department knows that Savannah River's problems with the

generation of potentially explosive hydrogen gas, and the
accumulation of noble metals, which reduces the useful life of

the vitrification melter, are concerns to the Hanford plant.

Hanford officials are working closely with Savannah River

officials to understand the problems and correct them. Hanford

officials told us they have redesigned the vitrification plant to

mitigate the impacts of hydrogen. They are also studying the

impacts of noble metal accumulation on melter lifetime and the
need for a second-generation replacement melter.

Preservation of the December 1999 start-up date precludes

major design modifications and requires the Department to proceed

with the existing baseline design of the plant. However, as part

of the baselining, the Department is assessing lessons learned at
Savannah River as well as foreign experiences with vitrification.

It is also assessing the design capacity of the plant in terms of

its ability to process both single- and double-shell tank waste.
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